Introduction Surgical treatment of Grade III gynecomastia generally utilizes mastectomy techniques and free transplantation of the nipple-areola complex. Moreover, with rising obesity rates and the development of bariatric surgery, an increasing demand for correctional surgery for pseudogynecomastia has been observed, which is comparable to Grade III gynecomastia in terms of its surgical management. Here, we describe an innovative technique to deal with these new demands: fascio-cutaneous flap by postero-inferior pedicle. Materials and Methods All patients in the Department of Plastic Surgery from our University Hospital suffering from Grade III gynecomastia or pseudogynecomastia underwent surgery via the postero-inferior pedicle flap technique. Briefly, we performed extensive liposuction of the infero-internal and infero-external mammary quadrants followed by liposuction of the deep tissues of the superior quadrants, except in the area of the pedicle. After removing the skin just above the dermis of the inferior quadrants and performing de-epithelialization of the postero-inferior pedicle flap, the thoracic flap was lowered and the areola transposed. Results Nine patients underwent surgery between March 2015 and March 2016, and their results were collected prospectively. The mean patient age was 46.6 years, the mean weight was 94.2 kg, and the mean body mass index was 30.8 kg/m 2 . In addition, the mean operative time was 132 min, the mean liposuction volume was 633 mL, the excised weight was 586 g, and the mean hospitalization and drainage durations were 3.8 days. No major complications occurred, no re-intervention was required, and no recurrence was found. Conclusions We report a new operative technique using a postero-inferior pedicle. Its main advantage is preservation of neurovascular function, which makes this a promising technique for patients who wish to maintain nipple sensitivity. This surgery is reliable and reproducible. We recommend it as the first line treatment for Grade III gynecomastia because of its low rate of major complications and favorable functional and esthetic results.
Introduction
Gynecomastia is a unilateral or bilateral mammary gland hyperplasia in men that is benign and reversible [1] . It is often confused with pseudogynecomastia, which refers to subareolar fat accumulation without gland involvement.
Wiesman [2] introduced a classification system for the physical examination of gynecomastia according to three grades:
• Grade I: small gynecomastia without excess skin, most often treated by liposuction; • Grade II: moderate gynecomastia without excess skin, treated by liposuction and glandular resection by inferior hemi-areolar incision [3] ; • Grade III: severe gynecomastia with major excess skin.
Grade III gynecomastias are mainly encountered in patients aged around 50 years who are either overweight or have undergone massive weight loss [4] . However, they can also be observed in young patients [4] . When gynecomastias do not spontaneously regress after 18 months, and when no organic or iatrogenic cause has been found, several surgical treatments may be applied [5, 6] . Most of these treatments derive from female breast reduction techniques. Their aim is to restore a masculine chest by resecting breast tissue and excess skin, reducing and adequately replacing the nipple-areola complex, and removing the submammary fold while minimizing scarring to the chest [7, 8] . These techniques are adapted to take account of the fact that, in large gynecomastia, excess skin has lost its elastic properties, such as tissue retraction. Distension of the nipple-areola complex is also present. For these reasons, surgery that combines movement of the skin, gland, and areola is necessary to avoid an inadequate result and the burden of a second operation [9] . Pseudogynecomastias and thoracic sequelae arising from massive weight loss are similar in appearance to Grade III gynecomastia, and the method of treatment for both conditions is similar with respect to the anterior chest area.
In the literature, three surgical techniques are described for treating such deformations, all of which leave an acceptable scar. The first of these is free transplantation of the nipple-areola complex, and the second is the superior pedicle technique. The third technique involves the inferior pedicle. Here, we describe a novel technique involving the postero-inferior pedicle, representing an alternative to the surgical treatment of major gynecomastia with severe ptosis (Grade III in the Wiesman classification or Grade IIIb in the Simon classification [10] ). This technique has never been described before in the literature, and we believe it confers many advantages.
Materials and Methods

Patients
All patients who underwent surgery at the Department of Plastic Surgery from our University Hospital between March 2015 and March 2016 were identified from a database collated prospectively. Patients treated for Grade III gynecomastia via the surgical postero-inferior pedicle technique were all included in our study. These patients had previously received endocrine exploration and a breast ultrasound examination.
Epidemiological data such as age, weight, height, body mass index (BMI), the medical history of each patient, current medical treatment, and etiology of the gynecomastia were collected. During the operation, the liposuction volume, weight of resected tissue, and operative time were noted. During the course of hospitalization following surgery, the hospitalization duration and total drainage volume and duration were also recorded. Finally, postoperative complications were noted.
Patients were followed for up to 12 months after surgery. They were also contacted by telephone in July 2016 and asked to rate their satisfaction via an oral survey [11] . The questions asked were as follows (on a scale of 1 [worst result] to 5 [best result]): ''How would you rate your overall chest contour?''; ''How would you rate your nipple-areola complex?''; ''Would you have this surgery again?''; ''Would you recommend it to a friend?''; ''Would you go shirtless in public?''; ''Do you have nipple sensitivity?''; and ''Do you experience strange feelings in the nipples, such as burning or shooting pains?''. This study was approved by the institutional review board of our institution, was performed in accordance with the principles of the Declaration of Helsinki (1964) , and was in agreement with the French bioethics laws of July 7, 2011.
Preoperative Drawing
Drawing was performed preoperatively on standing patients. The drawings delineated the palpable gland limits, with the inferior resection line being placed in the inframammary fold, and the amount of tissue to be resected determined by a pinch test (generally just above the areola). The peri-areolar de-epithelialization areas corresponding to the postero-inferior pedicle were also marked. In our patients, the pedicle width was at least 6 cm [12] . We then determined the new location of the nipple-areola complex: We marked a point, A, on the clavicle 5 cm from the sternal notch. A vertical line was drawn from point A to the nipple. The lower edge of the new nipple-areola complex was positioned 4 cm above the upper incision [11] and 2 cm external of the aforementioned line. The diameter of the new nipple-areola complex was drawn to 2.5 cm. This position corresponds generally to the junction of the upper third of the arm with its middle third or a distance of 15-17 cm from point A, or to the fourth intercostal space [11, 13, 14] . Because arms are not included in the operative field, we note this landmark at the sternum to assess, during the intervention, whether the position requires adjustment (Figs. 1, 2 ).
Surgical Technique
Surgery was performed under general anesthesia. The patient was placed in the supine position with the arms abducted at 90°. An adrenaline serum infiltration (1 L of Ringer's Lactate Solution, 1 cc of adrenalin 1:1000; mean = 0.5-1 L/patient) was administered.
The first surgical step consisted of liposuction of the entire thoracic area, except for the area of the pedicle, using a 4-mm cannula. This procedure drastically removed deep and superficial fat from the infero-internal and inferoexternal quadrants, allowing all fat under the dermis of this area to be eliminated using the same principle as for limb liposuction in medial thighplasty and brachioplasty [15] [16] [17] [18] [19] . At the superior quadrants, only deep fat was aspirated to achieve liposuction undermining. A separation layer was then created on these superior quadrants, allowing the superior fascio-cutaneous thoracic flap to be moved to the inframammary fold (video 1).
We then proceeded to perform de-epithelialization of the flap between the areola and inframammary fold (Fig. 3) . We checked the resection lines of the infero-internal and infero-external quadrants by pinching the skin, then incised along the tracks. Using electrocautery, we removed these quadrants close to the dermis (video 2).
We continued the dissection of the superior thoracic flap in the plane created by liposuction (Fig. 4) . At the upper extremity of the areolar flap, we realized a bevel section to reduce the stair effect. This was then sutured to the pectoral perimysium by absorbable stitches, with the aim of gradually reducing the flap thickness. We then fixed the superior thoracic flap to the inframammary fold (video 3). We checked via palpation that the new location of the nipple-areola complex corresponded to the predetermined drawing on the superior thoracic flap. We then proceeded to perform the skin incision, remove a skin and fat cylinder on the superior thoracic flap, and, finally, transpose the nipple-areola complex using a technique similar to that employed to transpose an umbilicus in abdominoplasty [20] (video 4). The nipple-areola complex was then secured by eight subcutaneous reversing stitches with 3-0 absorbable monofilament (Fig. 5) .
Two suction drains were introduced, exiting at the inner and outer extensions of the inframammary scar (Fig. 6) . A three-plane suture was performed: deep stitches with 0 braided absorbable thread, subcutaneous reversed stitches with 3-0 absorbable monofilament, and intradermal sutures with 4-0 absorbable monofilament thread. A compression bandage was applied and kept in place day and night for between 48 and 72 h. It was then replaced by compressive clothing over a total period of 2 months. A sports exemption was also requested for 2 months.
Results
The postero-inferior pedicle surgical technique was used to treat nine patients with Grade III gynecomastia. Their epidemiological data are summarized in Table 1 . The mean age was 42 ± 18.8 years (range 19-67 years), the mean weight was 94.2 ± 21.7 kg (range 68-128 kg), and the mean BMI was 30.7 ± 5.4 kg/m 2 (range 24.6-37.6 kg/ m 2 ). Two of the patients had an iatrogenic gynecomastia (Aldactone, anti-HIV combination therapy) and two had a gynecomastia secondary to a hormonal imbalance (secondary to kidney cancer; hypogonadotropic hypogonadism). The other five gynecomastias were idiopathic. One patient was an active smoker. Five patients were obese (BMI [ 30 kg/m 2 ), and one was overweight (25 \ BMI \ 30 kg/m 2 ). Only one patient had lost weight but remained obese. Four patients had significant breast ptosis with segment III being almost 10 cm.
The mean operative time was 132 ± 35.4 min (range 96-210 min). The average liposuction volume was 633 ± 228 mL (range 450-800 mL), and the average excision weight was 586 ± 462 g (range 131-1347 g).
Two patients were obese and had excess posterior skin and fat located in the extension of their gynecomastia (patients #5 and #9). We proposed that they undergo a superior body lift, combining gynecomastia surgical treatment with the excision of back rolls. Gynecomastia treatment followed the same protocol as previously described, Patients were hospitalized for an average of 3.8 ± 1.3 days (range 2-6 days). Suction drains were removed once the drained volume was less than 20 cc/24 h and the average day of removal was day 4 ± 1.2 (range 2-6 days). The average total drainage volume was 245 ± 118 mL (range 30-310 mL). Once the drains had been removed, the patient was sent home with instructions to wear compressive clothing day and night for 2 months. No major complication necessitating surgical recovery in the operating room occurred. However, the overall rate of minor complications was 33% (n = 3): a small hematic collection punctured at day 15, a minimal wound dehiscence (1 cm 2 ) treated through healing by secondary intention, and a defective scar. No cases of necrosis, seroma, wound infection, or lymphedema were observed.
The rate of response to the telephone survey was 100%. To the question ''On a scale of 1 (worst result) to 5 (best result), how would you rate your overall chest contour?'', the mean score was 4 ± 0.7 (range 2.5-5). To the question ''On a scale of 1 (worst result) to 5 (best result), how would you rate your nipple-areola complex?'', the mean score was 4 ± 0.7 (range 3-5). Eight of the nine patients would recommend the procedure to a friend and eight of them would undergo the surgery again. All patients went shirtless in public, and all regained their nipple sensitivity. However, one patient complained of dysesthesia (Table 2) .
A before and after surgery comparison is shown in Figs. 7 and 8.
Discussion
To our knowledge, we report here the first study of patients with a Grade III gynecomastia or pseudogynecomastia treated by the postero-inferior pedicle flap technique. This surgical technique is simple and rapidly controlled.
The technique of free transplantation of the nippleareola complex is the gold standard for Grade III gynecomastia surgery [4] : At the beginning of the intervention, the areola is removed for later transplantation (once the mastectomy has been performed). The advantages of this technique are its surgical simplicity (easy chest correction, excellent exposure, areolar diameter reduction, and nippleareola complex repositioning) and rapid intervention. The disadvantages are loss of sensitivity and risk of areolar necrosis, which are increased among smoking patients, hypopigmentation, increased healing time, and the patch effect. Scars are either peri-areolar and inframammary [21] or peri-areolar and mid-thoracic (with an esthetically unsatisfying result) [4, 12] .
In comparison, our technique preserves the neurovascular function of the nipple-areola complex. It also increases the chance of preserving nipple sensitivity, decreases the risk of hypopigmentation, and reduces the patch effect. Nipple projection is also retained. The scars are as long as those created by the reference technique, and can be extended laterally along the pectoral muscle relief in Table 2 Results Operative time the case of axillary skin and fat excess [11] . The resulting ''L'' or horizontal scars restore the natural masculine curve in these men [22] . The technique also offers excellent surgical exposure, and the possibility of areolar diameter reduction and nipple-areola complex repositioning. No recovery period is necessary to improve scar outcomes. All patients in the study by Cordova [6] with Grade III gynecomastia and significant ptosis received revision of their migrated scars.
Other surgical treatments of gynecomastia include pedicle techniques, including the Webster technique of mastectomy by inferior hemi-areolar incision. These techniques require a learning curve to objectify the ideal thickness of the flap. If it is too thin, a saucer-like deformity (over resection under areola) is observed. If it is too thick, the result is incomplete. In our technique, the flap is not removed from the posterior and inferior thoracic wall. Therefore, the thickness remains unchanged.
The superior pedicle technique is one of the various pedicular techniques. As with women undergoing mammary hypertrophy treatment, a superior flap is lifted. The rest of the gland is removed via the mastectomy technique. This technique has the neurovascular advantages associated with the flap techniques, but its major disadvantage is the resulting inverted ''T'' scar, which is highly visible and risks feminizing the male chest. To overcome this major disadvantage, Gheita [12] in 2008 described a mastectomy technique using a superior pedicle, where the horizontal scar was located 6 cm above the inframammary fold and the areola was located at its center. The resulting scar was smaller, but still very visible. It is very important to cover at least the areolar scars, because this area is the most important esthetic unit of the male chest wall. In addition, the flap is folded, which increases the mammary projection. To avoid this, the flap is refined, which may increase the risk of nipple-areola complex necrosis.
Kornstein [23] in 1992 and Gusenoff [11] in 2008 proposed an inferior pedicle technique with areolar transposition. Areolar vitality and sensitivity is retained in this technique and the scars are comparable to those produced by the postero-inferior pedicle technique, i.e., a peri-areolar scar and another scar located in the inframammary fold. This technique is not recommended when segment 3 of the breast is long: In this case, the inferior pedicle length is increased and the risk of areolar necrosis increases too. We recommend cutting a flap with a width-to-length ratio of 1/2 [24] to 1/3 [25] . This width, often C6 cm in our experience, can be adapted to the flap length. In women, the inferior de-epithelialized dermoglandular flap should maintain a width of 8-10 cm, a base thickness of 8-10 cm, and a subareolar thickness of 2-3 cm [26] to maintain a maximal pre-glandular arterial network. Our postero-inferior pedicle preserves not only the pre-glandular vascularity (issuing from the latero-thoracic artery, acromioclavicular thoracic artery perforants, and intercostal arteries) and the anastomotic network but also, unlike the inferior flap technique, retro-glandular vascularization [27] . The same vascular disadvantages are present in the supero-inferior pedicle [28] (comparable to the McKissock technique [29] in women) and the posterior pedicle [30] : these techniques only preserve two of the three vascular networks. This therefore makes them less reliable compared to our technique.
In comparison with other pedicle techniques, the postero-inferior pedicle appears to increase neurovascular safety. Our patients experienced no nipple sensitivity disorder compared to 10% of patients treated by a superoinferior dermal pedicle in the Cannistra study [28] . This makes our technique preferable for smoking patients compared with other pedicle techniques, and also in comparison with the free transplantation of the nipple-areola complex technique, which is often complicated by necrosis of the graft. In this study, we did not use any specific instruments, such as an ultrasonic liposuction [31] endoscope [32, 33] , shaver [34, 35] , or ultrasonic mammotome [36] .
The risk of hematoma or seroma was reduced by the use of extensive liposuction to preserve the lymphatic and vascular vessels [15] . Our patients did not lose weight; a classical gynecomastia treatment with free transplantation of the nipple-areola complex would have required a mastectomy with a significant supra-pectoral peeling off and therefore an increased risk of seroma and hematoma in the vascular and lymphatic vessels section. Data from our study confirm these beliefs, since none of our patients experienced postoperative hematoma, compared to 6% of the 17 patients who underwent surgery by the mastectomy Fig. 8 Before and after surgery and areolar free transplantation technique in Varma and Henderson's study [37] , 8% of the 12 patients in Maetz's study [22] , and 11% of the 100 patients in the ColomboBenkmann study [5] . Our technique is much more reliable than the gold standard surgical technique (in terms of hematoma) and has greatly reduced the operative morbidity of this operation: all patients were Grade I on the classification of surgical complications [38] .
The principal disadvantage of this technique is that it retains a certain thickness of the gland due to the presence of the postero-inferior pedicle that may, in the long term, prolapse. However, we believe that the flap thickness fits very well with the morphology of overweight patients. No secondary ptosis has yet been found.
The overall patient satisfaction was excellent: the assessment score was 4 for overall appearance of their chest (vs. 3.8 in the Gusenhoff [11] study that combined eight inferior pedicles and two areolar free transplantations) and 4.1 for their nipple-areola complex (vs. 3.8) . No patient was embarrassed to go shirtless in public (vs. 70%) and no patient lost their nipple sensitivity (vs. 10%); one described dysesthesia (vs. 30%). Except for patient #7, all would undergo the surgery again (vs. 100%) and would recommend it to a friend (vs. 90%). Patient #7's dissatisfaction was due to the fact that he had undergone a previous surgery by liposuction alone with poor result. This new surgery offers satisfactory cosmetic result, but the patient did not accept the cicatricial ransom due to psychological distress.
Other disadvantages of this technique are the increased operating time, risk of residual asymmetry if present preoperatively, and risk of venous congestion intraoperatively (requiring surgical conversion in free transplantation of the nipple-areola complex).
With the increasing incidence of obesity in Western societies and the development of bariatric surgery, the incidence of Grade III gynecomastia and pseudogynecomastia secondary to massive weight loss has also increased. Overweight patients should be preferentially oriented to our technique: the results are perfectly compatible with their morphology and the neurovascular integrity of the nipple-areola complex is preserved.
We propose a new classification system arising from clinical examination (breast volume, degree of excess skin, size and position of the nipple-areola complex, skin elasticity) and inspired by the Wiesman classification:
• Grade I: small gynecomastia without excess skin or fibrous tissue; • Grade II: moderate gynecomastia without excess skin but with fibrous tissues resistant to liposuction; • Grade III: severe gynecomastia with significant excess skin and ptosis of the areola under the inframammary fold; • Grade IV: giant gynecomastia with massive excess skin and areolar ptosis (distance between the areola and inframammary fold C10 cm) (Figs. 9 and 10).
Surgical treatment would therefore be dependent on the grade (Table 3) The main limit of this study is the small sample of patients compared to studies comprising thousands of patients undergoing the current standard technique of free transplantation of the areolar. To enjoy the benefits of the postero-inferior pedicle technique versus free transplantation of the nipple-areola complex, and to increase the power of the result, a larger sample of patients should be used in future studies. Furthermore, only a prospective randomized study would identify the most suitable treatment for Grade III gynecomastia. Finally, it would be of interest to conduct a study comparing the sensitivity of the nipple-areola complex, according to Weber and sting-touch tests, realized pre-and postoperatively with this technique versus free transplantation of the nipple-areola complex.
Conclusion
This is the first report to describe the postero-inferior pedicle flap technique in the treatment of Grade III gynecomastia as classified by Wiesman. His main interest was the preservation of the neurovascular integrity of the nipple-areola complex. Our surgical technique is particularly advisable for patients wishing to maintain nipple innervation, smokers, or patients who have undergone massive weight loss. We propose a new clinical classification system for gynecomastia that will guide the surgeon in choosing the most appropriate technique. 
